Native and exotic fishes were collected from 29 sites across coastal and inland New South Wales, Queensland and Victoria, using a range of techniques, to infer the distribution of Bothriocephalus acheilognathi (Cestoda: Pseudophyllidea) and the host species in which it occurs. The distribution of B. acheilognathi was determined by that of its principal host, carp, Cyprinus carpio; it did not occur at sites where carp were not present. The parasite was recorded from all native fish species where the sample size exceeded 30 and which were collected sympatrically with carp: Hypseleotris klunzingeri, Hypseleotris sp. 4, Hypseleotris sp. 5, Phylipnodon grandiceps and Retropinna semoni. Bothriocephalus acheilognathi was also recorded from the exotic fishes Gambusia holbrooki and Carassius auratus. Hypseleotris sp. 4, Hypseleotris sp. 5, P. grandiceps, R. semoni and C. auratus are new host records. The parasite was not recorded from any sites in coastal drainages.
Introduction
Like its original host, the carp Cyprinus carpio, Bothriocephalus acheilognathi Yamaguti, 1934 is native to the Amur River Basin of China. It has been distributed around the world along with several of its cyprinid host species, particularly C. carpio and Ctenopharyngodon idella, as these species have been translocated for use in providing fishing stocks, aquaculture and weed control (Andrews et al., 1981; Chubb, 1981; Heckmann et al., 1993; Font & Tate, 1994; Salgado-Maldonado et al., 1986; Scholz & Di Cave, 1992) . In the process, host-switching events have occurred and the list of fish species which it infects has grown to include more than 50 species from six orders.
Bothriocephalus acheilognathi is present in Australia and has acquired native fish hosts (Dove et al., 1997) . The aim of the present study was to provide evidence for the geographical distribution of this parasite in the eastern states of Australia and to reveal any native fish species which are being used as hosts. A secondary aim was the compilation of a list of definitive host species of B. acheilognathi around the world to provide a reference source for studies of this important fish pathogen and to allow conclusions to be drawn on the biology of the species based on its host-specificity patterns.
Materials and methods
Fishes were collected from the sites identified in table 1 during January and February 1997. Sites were chosen to incorporate the following major drainage types: northern coastal, southern coastal, inland montane and inland lowland. Both lentic and lotic sites, with a wide range of physical and biological characteristics, were chosen. A list of sites, their abbreviations and drainage types is given in table 1. Collections were made by seine netting, dip netting, line fishing and backpack electrofishing. Fish were killed by pithing the brain or by overdose of benzocaine anaesthetic. Fish were identified using McDowall (1996) or Allen (1989) , measured, sexed (if possible) and then dissected in saline. Identification of Hypseleotris spp. was problematic; discrimination of the undescribed species referred to as Midgely's carp gudgeon and Lake's carp gudgeon (Hypseleotris sp. 4 and Hypseleotris sp. 5 respectively) in Larson & Hoese (1996) and Allen (1989) was confirmed using Unmack (1997a,b) . Records from unidentifiable gudgeons were excluded from the analysis (except table 3). Tapeworms were fixed by pipetting into boiling saline and then storing in 10% formalin. Specimens for whole mounts were stained in Mayer's haematoxylin, dehydrated through a graded alcohol series, cleared in methyl salicylate and mounted in Canada balsam. Permanent taxonomic preparations were made for representative specimens from each host and locality and lodged at the Queensland Museum.
Results
Bothriocephalus acheilognathi was recovered from the introduced fishes Cyprinus carpio, Carassius auratus and Gambusia holbrooki and from the native fishes Hypseleotris klunzingeri, Hypseleotris sp. 4, Hypseleotris sp. 5, Phylipnodon grandiceps and Retropinna semoni. Table 1 shows the species of fish recovered at each site. Infected carp were all immature specimens of a size suggesting they were in the 0þ age group, whereas all other hosts were infected in the adult size range. Table 2 shows the infection details for infected species at each 'infected' site. Site 19, Gum Bend Lake near Condobolin, New South Wales, had the highest prevalence of infection in each host species. Sites 4, 6, 11 and 14 had infections recorded from hosts other than carp without records from carp; carp were nonetheless present at these sites and the failure to record the parasite from them is most likely an error resulting from small sampling size. The overall infection prevalences for all fish species examined, pooled across all sites, and the highest mean abundance and intensity shows that Cyprinus carpio was the principal host (table 3) . Pooled data as presented in table 3 remove to some degree the problem of small sample sizes at any given site; it can be seen from these data that B. acheilognathi was recorded from all native hosts which live sympatrically with carp and with a sample size exceeding 30. Unidentified Hypseleotris spp. are included in table 2 to show that this group had a high prevalence of infection. This group was difficult to identify most often because they were small and had not developed the adult characteristics necessary for the identification of Hypseleotris species; the group probably includes representatives of H. klunzingeri, Hypseleotris sp. 4 and Hypseleotris sp. 5. The high prevalence of infection in this group is consistent with high prevalences of infection in young fishes found in other studies. Bothriocephalus acheilognathi was not recovered from any sites where carp were not present, nor any coastal sites including the only coastal carp population examined (Albert River, Queensland). 
Discussion
Bothriocephalus acheilognathi must be considered one of the most successful of all freshwater fish parasites. Its principal host, Cyprinus carpio, is arguably the world's most widespread freshwater fish (Merrick & Schmida, 1984) , as a result of its distribution for aquaculture, sport and weed control. The parasite has become established in nearly all environments to which its hosts have been introduced and, as such, now has a distribution incorporating all continents except Antarctica. Its low host specificity has facilitated host-switching and resulted in a host range including fish species from six orders and 11 families (see table 4 ). The importance of B. acheilognathi and its spread in non-native habitats makes the documentation of its native and non-native distribution and hosts desirable, so that future host colonizations and their effects may be better understood and managed.
Evidence from the present study suggests that B. acheilognathi has a distribution in Australia which is congruent with that of Boolarra strain carp and that it has apparently not spread beyond that range using other hosts. This pattern may reflect the failure of the parasite to mature properly in native hosts (gravid worms in native hosts are rare, A.D.M. Dove, personal observation), or the effective barrier to parasite spread represented by the Great Dividing Range, or some combination of both or other factors. More intensive sampling of coastal sites would be desirable before rigorous conclusions could be drawn on the distribution of the parasite in those drainages and the role of topography in defining the colonization patterns of the parasite. The northern and western tributaries of the Murray-Darling were not investigated in the present sampling regime. Although not found in the present study, juvenile percichthyids, terapontids, ambassids, atherinids, melanotaeniids and plotosids occur more frequently at those sites. As a result, the pattern of host range and parasite zoogeography may be most informative at these sites, where carp and other exotic fishes are less dominant (New South Wales Rivers Survey, 1998). There seems sufficient evidence to suggest that the parasite would most likely be present, and infecting native hosts, in far western and northern Darling drainages.
The infection-free status of the carp population in the Albert River (Beenleigh Crayfish Farm), coastal Queensland may be the result of a separate carp introduction event (initially infection-free) or intolerance of summer water temperature by the parasite. The other parasites Bold type denotes an exotic fish species. * These fish almost certainly escaped from the NFC hatchery. ** These fish probably the result of a stocking from hatchery raised fry. present in that population support the former hypothesis; fish from that site support a number of dactylogyrid monogeneans and gill-parasitic copepods which were not recovered from inland carp populations (A.D.M. Dove, unpublished data).
Bothriocephalus acheilognathi has been shown to be pathogenic (Scott & Grizzle, 1979; Hoole & Nisan, 1994) , and has been responsible for mass mortalities in cultured fishes elsewhere (Korting, 1975) . It may play a significant role in the interaction between native and exotic fishes in Australia. To determine the extent to which it affects native and exotic fishes in Australia, more information must be gathered on which other native fishes can act as hosts for the parasite and the impact of the parasite on their populations. Of particular interest in such investigations would be the effect of the parasite on host species which form significant fisheries or are in decline, species such as: golden perch (Macquaria ambigua); silver perch (Bidyanus bidyanus); Murray cod and trout cod (Machullochella peeli and M. macquariensis); catfish (Tandanus tandanus); and many of the declining smaller eleotrids, ambassids, atherinids and melanotaeniids.
The list of definitive host species for Bothriocephalus acheilognathi includes species from 12 families of fish across six orders (table 4). The list is dominated by species of cyprinids, which is, perhaps, not surprising given that its original hosts are also cyprinids and that cyprinids dominate the fish fauna of the populous regions of the northern hemisphere where carp introductions have been the most extensive. More informative are the host records Exotic host species are shown in bold. (Nelson, 1994) . This pattern amounts to an extremely low level of host-specificity and confirms that the parasite does not rely on phylogenetic (i.e. physiological) cues for completion of the lifecycle. Instead, B. acheilognathi seems capable of infecting a majority of fish species which will eat the copepod hosts during the first year or so of life. The success of the parasite will also depend on its specificity within the intermediate stage, but data on copepod hosts are limited. We can infer from the degree of success shown by B. acheilognathi to date, that it is likely to show a similar absence of host-specificity at the copepod stage, perhaps being restricted only to the Cyclopoida.
